AD-A955 975

DTIC ACCESSION NUMBER

LEVEL

FHOTOGRAPH THIS SHEE1

e ' vty /

INVENTORY

AFRL-TR-22-224 WIZL

LOCUMENT WENTTFICATION

Ol /%72~

[ DISTRIBUTION STATEMENT A

Approved for public relecaeg
Distritution Unlimited

JUSTIFICATION

ACCESION IOk,
NTIS GRaAML g
ome ™
UNANNOULNCER 0

Yy

DISTRIBLTION!

AvAILABILITY CODEEL

DITRISLTION

A-(

AVAR ABILITY ANDCOR KPOCIAL

DISTRIBUTION STAMP

( V,f,;,)"-’;l o
q o

UNANNOUSCED

DISTRIBUTION STATEMEANT

DATE ACCESSIONFD

DATE RETURNED

00 00 20 0606

DATE RECZIVED IN DTIC

REGISTERED OR CERTIFIED NUMBER

PHOTOGRAPH TRIS SHEET AND RETURN 10 CTIC-FDAC

DTIC 5% 704

APR§T

DOCUMENT PROCEISING SHART

STOCK 13 DOIALSTED




AD-A955 975 "

" AFAL-TR-72-226 - WRIGHT-PATTERSON
Volume 1 TECHNICAL LIBRARY
AD 204999 WPAFR, O

TARGET SIGNATURE ANALYSIS CENTER: DATA COMPILATION
ELEVENTH SUPPLEMENT

Volume !

Bidirectional Reflectance: Definition, Discussion, and Utilization

Prepared by

Target Signature Analysis Center
B Infrared and Optics bivision
Willow Run Laboraturies
The University of Michigan
Ann Arbor, Michigan

October 1972

Approved for public relase, distribution is
unlimited,

Air Force Avionics Laboratory
Air Force Systems Command
Wright-Patterson Air Force Base, Ohio




NOTICES

Note. When Government druwinga, specifications, or cther data are used
for any purpose other than in connection with a dcfinitely related Government
procurement operation, the United States Goveinmert thereby Incurs no re-
eponsihility nor any obligation whatsoever: and the fact that the Government
may have formulatea, furnished, or in any way suppiied the said drawings,
specifications. or other datu {8 not to be regarded by imphication or other-
wise as in any raunner licensing the holder or any other person or corpora-
tion or conveying any rights or permission to manufacture, use, or sell any
patented Invention that may in any way be related thereto.

Final Disposition. After thia document has served its purpose. it may be
destroyed. Please do not return it to the Willow Run Laboratories.




TARGET SIGNATURE ANALYSIS CENTER: DATA COMPILATION
ELEVENTH SUPPLEMENT

Volume !

Bidirectional Reflectance: Definition, Discussion, and Utilization

Prepared by

. Target Signature Analysis Center
Inirared and Optics Division
Willow Run Laboratories
The University of Michigan
Ann Arbor. Michigan

Approved for public release, distribution
is unlimited.




FOREWORD

The work reported hereln, ecvering the period {rom 1 November 1969 to 30
July 1972, was carried out by the Infrarcd and Optics Division of the Willow Run
Laboratories, a unit of The University of Michigan's Institute of Science and
Technology. Ann Arbor, Michigan. The work was performed under Contract F33615-
70-C-1123, Project 6239, Task 10, for the Air Force Avionics Laboratory (AFAL),
Air Force Systems Command, Wright-Patterson Air Force Base, Ohio. Volume
1 contains a definition of the parametors periinent to the bidirectional reflectance,
a discussion of the daia, some equations for application of the data, and an index
and crouz reference of the data contaired in Volume II. Bidirectional reflectance
data in graphical form are presented in Volume II. The data were reduced and this
supplement was prepared by (Mrs.) S@‘xjop,ldadd, Dwayne Carmer, Daniel Rice,
Dennis Ladd, and John Ulrich under the direction of J. Robert Kaxwell. "The data
reported in this supplement were obtained almost entirely from the laboratory
measurements phase of the Target Signature Measurement Program conducted at
The University of Michigan, sponsored by the Avionics Laboratory under U. S. Air
Force Contracts AF33(615)-3924, F33(615)-68-C-1281 and ¥33{(615)-70-C-1698,
under the direction of Max Bair.

The Target Signhature program is part of a comprehensive multispectral pro-
gram at The University of Michigan devoted to the improvement of remote sensing
capabllities; this ccmprehensive program is under the supervision of R. R. Legault,
Associate Director of the Willow Run Laboratories. The Principal Investigator

for this contract is J. R. Maxwell. The Willow Run Laboratories' number for this
report is 32210-41-B (I and 1I).

This report was submitted by the authors on 10 August 1872.

This technical report has been reviewed and is approved.
L)//?% Ofl W

D. ROGER SINK, ACTING CHIEF
Reconnaiasance Applications Branch
Reconnaissance Division

Air Force Avionics Laboratory
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ABSTRACT

Tais report is the eleventh supplement to the Target Signature Analysis Cen-
ter: Data Compilation and contains 2200 curves of hidirectional reflectance versus
angle. The significance of this report to the Air Force is that these data provide
the Air Force with essential optiral properties-of-materials data to analyze the
angular dependence of the reflected radiance from various targets. Volume I con-
tains a definition of the parameters pertinent to the bidirectional reflectance, a
discussion of the data, soine equations for application of the data, and an index and
cross reference of the data contained in Volume II. Bidirectional reflectance data
are presented graphically in Volume II.

Tkis supplement to the Target Signature Analysis Center: Data Comgilation
augments an ordered, indexed compilation of reflectance, radar cross sections,
and apparent temperatures of target and background materials. The Data Compila-
tion includes gpectral reflectances and transmittances in the optical region from
0.3 to 15 pm, normalized radar cross sections, and apparent temperatures at mm
wavelengths. When available, the experimental parameters associated with each
curve are listed to provide the user with a description of the important experi-
mental conditions.
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TARGET SIGNATURE ANALYSIS CENTER: DATA COMPILATION
ELEVENTH SUPPLEMENT

Volume 1

1
INTRODUCTION

The development of improved reconnaissance and weapon guidance sensors requires a
better knowledge of target and background signatures. The sensor designer has many sensor
parameters to consider in his tradeoff studies, and he must have the radiation characteristics
of a variety of targets and backgrounds under a wide variety of environmental conditions to de-
sign a sensor which will meet the Air Force's operational measurements. The Target Signa-
ture Analysis Center (TSAC) at the Willow Run Lavoratories (WRL), under sponsorship of
the Air Force Avionics Laboratury, provides the necessary optical properties~of-materials
data and analytical programs which: (1) compute surface temperatures for emission analyses;
(2) compute the spectral and spatial distribution of sky illumination for reflection by the target;
(3) treat the geometrical properties of the target and all of the angular, spectral, and polariza-
tion characteristics of the reflectance and emittance properties of the materials which con-

stitute the target; and (4) account for absorption, scattering, and emission by the ‘:‘{txz\losphere
between the target and the sensor.

The Target Signature Analysis Center: Data Compilation* includes spectral reflectances,
transmittances, and emittances in the optical region from 0.3 to 15 ym, normalized cross sec-
tions, and apparent temperatures at millimeter wavalengths. The reflectances of many target
and background materials depend strongly on the positions and polarizations of the source and
recelver in addition to the wavelength of the source. These dependences are very important for
the analyses of radiance characteristics from targets/backgrounds at a remote sensor.

Bidirectional reflectance data have been collected and reduced, and 2200 curves are pre-
sented In this supplement to the Target Signature Analysis Center: Data Compilation. Vol-
ume I contains a definition of the bidirectional reflectance and its spectral and source/receiver
angular and polarization dependence, a discussion of the data, some equations for application of
th> data, and an index and cross reference of the data contained in Volume 1I. Bidirectional
refiectance data are presented graphically in Volume II.

*The orlginal Data Comptlation and the first ten supplements are listed in Appendix I.
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2
BIDIRECTIONAL REFLECTANCE

The reflectance of a surface generally depends on the aspect angle of the source, its po-

larization and wavelength, and on the viewing angle of the receiver with polarizations generally

modified when reflection occurs. The bidirectional reflectance is a complete specification of

these reflectance characteristics, It is defined as the ratio of the radiance reflected by the
sample in the direction of the receiver, (0

r ¢r),to the irradiance incident on the sample from
direction (Ul. ¢

l). The wavelength of the source, its polarization, and the polarization of the
reflected radlance are important parameters. The complete plane-polarized bidirectional re-
¢ . . L
flectance, pai,ar()’ 01’¢r’ Br,qsr), is
(0, .
0 0, by 0 y = ar r’ _ reflected W/cm -sr
al(oi’ ¢i) incident W/cm

(1)

ai ,ar

where E;i(oi, ¢i)ls the irradiance onthe sample from direction (0 ¢ ), and Lar(gr ¢ )
radiance reflected in direction (Gr’ ¢r)' The wavelength of theincident irradiance is denot\d

by A. The subscripts al and ar represent, respectively, the plane-polarization state of the in-
cident irradiance and the plane-polarized component of the reflected radiance selected by the
polarization analyzer on the receiver. The polarization azimuth angles ai and or represent the
orientation angles for the polarizers on the source and receiver respectively. The geometrical

variables are shown in Fig. 1 and the angle between (Hi’ ¢i) and (Or, ® r) is the bistatic angle
which is denoted by 23.

The polarization specifier known as the polarization azimuth angle, o, is the angle between
the electric field polarization plane and the normal vector to the reference plane. Thus, o= 0
corresponds to perpendicular polarization. The polarization azimuth angle is constrained to
satisfy -90 < o <90. The sign is determined by a viewer looking into the propagating radiztion
{i.e., looking "upstream"). If the angle from tie reference-plane normal vector to the electric
field polarization plane is counterclockwise for such a viewer, then the polarization azimuth
angle is positive.

*In the present discussion, the bidirectional reflectance is denoted formally by p' and
given the verbal name "rho-prime."” Other formal notations in common use, including use in
previcus Data Compilation SBupplements, are f5, f4, and 4RDF. p' has been selected here as
bzing the last-objectionable of these notations.

According to rules set down in 1970 by the CIE in Ref. [1], the most appropriate symbol
would be pg. However, that symbol i8 not seriously suggested here because there are already
too many symbols in common use and py has not actually been used before.

3




7/
Z ,
\\
‘ ‘\\ To Receiver
\\
Incident Beam \\\\\

N

FIGURE 1. BIDIRECTIONAL REFLECTANCE GEOMETRICAL PARAMETERS.

The coordinate origin is on the surface of the sample and the Z-axis is per-

pendicular to that surface. The azimuth reference (X-axis) is arbitrary. The

zenith angles are constrained to lie between 0 and 7 /2, the azimuth angles between
0 and 27, and the bistatic angle between 0 and 7.




The polarization indicators used on the data reported in this Suppiement are Land I (o = 0
and 90, respectively). If the incident irradiance is unpolarized, the symbol ai in Eq. (1) is re-
placed with U. If the detector used in a p' measurement has no polarization preference and
scnses the total radiance at the receiver aperture, the symbol ar in Eq. (1) i{s replaced by T.
Thus, for example, p' A represents the result of a measurement under conditions of perpendi-
cularly -polarized sample irradiance and a perpendicularly-polarized analyzer on the raceiver.

The symbol pb T refers to conditions of unpolarized incident irradiance snd no analyzer on the
¥
receiver,

Manipulation of Eq. (1) leads tc many interrelationships of the bidirectional reflectance dis-
tributions for various polarization states of E‘i"l and L;r' The most fundamental ones are

PLT=PLL*PLY

PYT ™ Pyy *PyL

=gl ey ) | @
Pu,L=2P,1 TPy,

] =.];(p| +p! )

Pya =3P TPy

- l ' !
Py, =2@LL P Py TP
If reciprocity is invoked (Ref. 2)

(5 08,5 6,49, =

pt'!l,ar par ai(l; B9y gl’¢i) - . (3)

which says that the results of the following two p' measurements are the same; namely, p' with
the source at (61, 4:1) with a polarizer of ard receiver at (Br’ ¢r) with analyzer ar, and p' with
the source at (¢ " ¢r) and polarizer ar and receiver at (61, ¢1) with analyzer ad.

The directional reflectance data which have been previously published in'the Data Compila-
tion represent a measurement of the ratio of the total power reflected (into the entiré hemisphere)
by a sampie to the power incident on the sample. It is usually measured as a function of the
wavelength, A. Even though the angular effects are lai‘gely averaged out, these data are of
major importance because of the spectral information they provide. For a measuiement of di-
rectional reflectance, the incident power is unpolarized, spectrally filtered in a wavelength band
AX centered at wavelength A, collimated, and directed onto the sample at an angle of incidence
(9 ¢i) The directional reflectance,pd(k' l’¢l) is thet. a bidirectional reflectance averaged over
(9 (] ) and is rela{ed to the bidirectional reflectance as follows. With an unpolarized irradiance

on the sample £ ( 0 ¢’), the radiance reflected in direction (9 ¢ ), Ll (0 ¢ ), is given by the
expressior

r e i
LT(or’ ¢r) = pi"T(a' 919#1! orid’r)Eu(oP ¢l)




Tiwe power reflected by the sample of area A into an increment d' solid angle dQ_, dP,;(/' ¢)
r ! !
ts pgiven by the expression T

T _qr
'I‘(’r’ ¢r) LT(Hr, ¢r) cos ”rerA

The power reflected into the entire hemisphere P;. is

r_ ¢ :
Prp = Eylfp #)A Toyplfy, ;5 61,8,) cos 0,d92
2 :

The unpolarized pov-er incident on the sample from direction (01, 4’1)’ Pij(()i. ¢1). is
i R

Hence, the ratio of the power ref!ected into the entire hemisphere to the unpolarized power in-
cident on the sample is ;

Pl‘
T _. . = [ o . .
m) = pd(A’ Oi,¢i) = JpU’T()\, ei,d’i, Qr,dbr) cOos ()rdﬂr . ' (4)
Ut 2

The directional reflectance data do not provide any information about the angular distribution
of the radiance reflected by the surface and are completely 2dequate only for surfaces for which
p'(A; gi"bi; or,¢r) is independent of Gr and ¢ Usually p d(R; Hi,d)i) is measured for one angle of
incidence only, usually for 0i = 0 or 5 deg; the dependence on 9l and ¢i is generally ignored and
p d(k; ﬂi,¢i) =p d(J\) is assumed. Surfaces for which p' = p'(A) only are diffuse reflectors, and for

a diffuse reflector p"JT()\) = pd(h)/n and p;yl,ozr () = pd(A)/Zn . Diffuse reflectors with Py = 1
are Lambertian,

It is important to emphasize that even though real surfaces depart markedly from being
diffuse reflectors, the p d(?«) data are extremely valuakle becausa, for many surfaces, the an-
gular dependence of the bidirectional reflectances measured at one wavelength can be scaled to
another wavelength with the directional reflectarice data for wavelengths not too widely separated

(e.g., 0.63 to 1.06 um), i.e.:
p'(xy; 0y0y5 0,8.) _ P4ty
LA PHENCI RN O

This relationship has been found to be reasonably valid, except when the source and receiver
are near the specular geometry, namely Gr = (9i and qsr = ¢i +180.




INSTRUMENTATION AND DA':IB‘A-REDUCTXON PROCEDURES
An automated gonioreflectometer was designed and has been used to measure bidirectional
reflectances as a part of the laboratory phase of the Target Signature Measurements Program
conducted at Willow Run. A brief description of the instrumentation and the measurement- and
data -reduction procedures is provided here to give a better understanding of the data presented
in Volume II. More details are available in Refs. [3 and 4].

The automated gonioreflectometer facility is shown in Fig. 2. The sample is placed on the
five-axis positioner. The sample may be moved relative to the source and receiver, or the
sample may be placed in a fixed position relative to the source, with the receiver scanned in
angle above the sample. All five axes are driven with dec motors and provide axis-position in-
formation to +0.05 deg by synchro and dial indicators. A digital shaft encoder provides angular-
position information at intervals between 0.1 deg and 8 deg.

For fairly diffuse samples for which the reflectance distribution is relatively constant, data
can be taken at the rate.of 15 points/sec which, at the fastest detector scan rate, corresponds to
2.5 points/deg of arc. Data on more specular samples cannot be taken as rapidly, since the
higher frequency content of the changing signal levels will not pass through the processor. A
typlcal data set at one wavelength, containing 4 polarization components on a given sémple,
could consist of 5 source incidence angles, detector scans in 4 azimuth planes from f)r =0 to

80 dcg, and 1 point for every 2 deg of arc of the scanning axis. Total time to acquire these
3200 data points is, including setup time, about 2 days.

Four illumination sources have been installed ag component parts of the gonioreflectometer
facility. Three continuous-wave (CW) laser sources provide linearly polarized sample illumina-
tion at wavelengths of 0.6118, 0.6328, 1.06, 1.15, 3.39, and 10.6 ym. A 1000-W tungsten-quartz-
iodine lamp provides radiation in the 0.35- to 2.0-um spectral range. Wavelength selection from
the tungsten lamp is accomplished by use of narrowband filters at selected wavelengths in this
range. Each radiation source is mounted on a concrete block table positioned on an 8-ft radius
around the five-axis positioner. Each source has collimating optics and calibrated attenuators
to control beam divergence and the size and intensity of the illumination on the sample. Source
power is continuously monitored with a detector below a beamsplitter in the laser beam.

Three detector-optics assemblies have been designed and fabricated to provide receiver
capabilities over the 0.4- to 14~um spectrum. The detectors (a photomultiplier with an S-1
surface, a pyroelectric, and an InSh detector) and associated optics are mounted as integral
units and can be easlily interchanged on the receiver mounting boom. Each receiver package
contains a linear polarization analyzer. In each instance, the field of view at the sample surface
exceeds the area illuminated, and calibration is thereby simplified.
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FIGURE 2. AUTOMATED GONIOREFLECTOMETER WITH TWO OF THE SCURCES




Calibration of the instrument is accomplished in the following manner. A calibrated
neutral-densgity filter of suffictent density is placed between the source and the receiver, and
a signal proportional to the incident power is obtained. To insure good calibration values,
such calibrations are repeated at haif-hour intervals or before and after exzch run. The output
from the detector below a beam splitier in the laser beam monitoring the laser power is then
adjusted so that it is equal to the calibration signal obtained in the detector channel when the
detector views the source through an optical attennator. The detector and monitor signals are
o+ th digitized and recorded on punched paper tape at specified angle increments controlled by
the cu'put of the digital shaft encoder. A CDC 1604 B digital computer nrogrammed to read
the paper tape then computes the bidirectional reflectance from the following equation:

VvV (8, ¢ )K
pl(”l’ ¢i; gr'qbr) : VMKclr(Nlr)l-er c:)s ”r (5)

where Vr(e'r. ¢r) = the voltage from the recelver at (ﬁr, ¢r) caused by reflected power
Kr - precision eicctronics attenuator setting used for measurement of the
voltage Vr
VM = the monitor voltage (set equal to the calibration vultage at each calibration
and sensitive to changes in laser power output between calibrations)
K = the electronlc attenuator setting used for measurement of the voltage VM
K'NDF = the attenuation of the calibrated neutral density filter used during the
calibration measurement
ﬂr = the projected solid angle of the receiver as seen from the sample surface
(atout 0.0008 sr)

Most of the bidirectional reflectance data have been measured to within an accuracy of Ap'
= 2 0.015 sr'l. The &p' assoclated with large values of measured p' (i.e. p' greater than 0.3
sr'l) is approximately, Ap'/p' = 5%. At aspect angles greater than 45 deg, the measurements
are less accurate. Theprecision is ap' = 0.005 sr'l. Digital processing reduces the precision
when highly reflecting samples are measured.

As an internal consistency check on the bidirectional and directional reflectan e measure-
ments made under the laboratory phase of the Target Signature Measurements progi>m, mea-
sured bidirectional reflectance data at 0.63 and 1.06 um have heen integrated and compa -ed with
the directional reflectance at the same wavelengths. The comparisor shows a 5% variatiin at
most, and is within 2, to 3% in most cases.

In order that measured values of p' will represent optical properties of samples as opposed
to characteristicg of the measuring devices, certain precautions have been taken. The receiver
aperture 1s small to obtain good angular resolution (Qr = 0.0003 ar). The overall system signal-
to-noise ratio sets the lower limit on the size of the aperture, since there are practical upper

limits on the source power avallable. However, a lowei-limit restriciion on the receiver

aperture is imposed when a highly coherent source (e.g., a lager) is being used, because it is
9




usuzlly desirable to have the receiver aperturc subtend many speckles in the coherent scattered
field, The area illuminated on the sample, at normal incidence, 18 about 3“4 in. in diameter,

large enough to contain a representative portion of the sample and small engpugh to ensure that
"r does not undergo significant variation from point to point on the sample.




DISCUSSION (;F THE DATA

4.1. ORGANIZATION

The p' data are presented graphically in Volume II cn 1 logarithmic seale versis a lirear
scale for the angle variable. All data values on the graphs which are encircled should be multi-
plied by 100 to obtain the measured p' value. Usually four angle scans are given on each plot
correspording to p'L e p’L,I' p" L and p'a’l. The legend at the top of each data sheet provides a
aey reiating the source/ receiver polarization code to the symbolon the curve. A shorthand notation
has been uged to indicate the polarization codes: 11 = X is the code and symbol tor pl,l; =a
the code and symbol (or p'l'l, {1 - + 18 the code and o). bkt {67

""l,l' s b - € s the code
and symbo! for p', - The alphanumeric group of nine symbols at the top left of each graph
is an Identmcauon’ rumber assigned to each sample by the Target Signature Analysig
Center.* Additlonal sample information is available from TSAC to qualified users on re-

quest through the Air Force Avionics Laboratory, Wright-Patterson Air Force Base, Ohio.

The usual data-collectionprocedure is to scan the receiver in a fixed azimuth plane (dsr =
¢, ore - L 180 for an in-plane A, 8can; b= 9 ¢ 90 or b8 ¢ 270 for an out-of ~plane Rr
scan) with the source at a fixed position, (dl' ¢i). Scans are usualiy made to obtain fuur po-
larized bidirectional reflectances, pi'l. pi'l, pi' and p'|.|. Data are then obtained at geveral

1
(9‘, ol), and perhaps at several wavelengths.

Additicnal measurements are usually made with the biatatic angle, 23, beiween the source
and recelver f{ixed at some small angle, e.g. 1 or 2 aeg. The sample is roiated about an axis con-
tained in the plane of the sample to effect an angular scan in which the source and receiver are
being simultaneously scanned as a rigidly connected pair. These angular scans are referred to
as fixed bistatic-angle scans.

Occaslonally data are obtained with the bistatic angle fixed at 1 or 2 deg with the sample
rotated about the normal to the gample. These data are good indicators of the azimuthal

asymmetry of the eample. They are also fixed bistatic-angle scans, but they are referred to
as azimuth scans.

*The letter ""A" in the sample number indicates that measurements on the sample were
made at WRL. The letter "B" indicates that the data were taken and published by some other
agency.
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The data pres~atad in Volume I are organized first according to sample matertal type.
Eight material types and one category for miscellaneous are used. Specifically, with an

approximite curve count. these material types are

(1) paint (1180 curves)
(2) cloth and canvas (400 curves)

i3) wood (11C curveg)

(4) s0ll (25 curves)

(5) vegetation (50 curves)

(8) asphalt and concrete (50 curves)

(7) reflectance standards material (200 curves)
(8) metal (70 curves)

(9) miscellaneous (15 curves)

Within each of the above categories, the data are presented serially by sample aumber. For
each specific sample. thedataare presented W order of increasing wavelength. At any specific

wavelength, the data are given in the foliowiny order:

(1)
(2) ", 8cans for¢ = ¢, and b= @t 180 (in-plane e scans) -
(3) *, scans fore = o ¢ 80 and ¢, - ¢, + 270 (out-of-plane 4 8cans)

constant bistatic angle scans

(4) 'il scans

{5) azimuth scan

Only some of the above-listed data are avallable for any one sample.

In Section 7 of this volume, the Summary Catalog of the Data, some cross-referencing has
been done. For example, sample number AO 1684, flame-sprayed aluminum, is listed under

Reflectance Standards Material and cross-referenced under Metals.

4.2. DISCUSSION AND PERTINENT OBSERVATIONS
The number of bidirectional reflectance measurements which, in principle, are needed to

completely specify the angular, polarization, and spectral properties of even just one sample is
very large. The data in Volume II far any particular sample cover only a limited range of

source and receiver positions, polarizations, and wavelengths. Huwever, a numbe: of trends



and characteristics are observed in ilicse data. Some of these are usciul for extrapolating the
avallable measurementsa to other (A; H‘.ol; Hr,¢ r) and for the development of empirical bidirec-
tional reflectance models to extend the range of the data to all source.'recelver positions, po-
larizations, and waveiengths. Others suggest possible discriminants between virious matertals
over and above the spectral reflectance characteristics reported in earlier Data Cornipilation.

4.2.1. O.D. PAINT SPECULARITY

A characteristic common to much of the O.D. paint data at 0.63 and 1.086 um is its pro-
nounced specularity. An example is shown in Fig. 3. The source angle o! incidence is 20 deg,
f.e. (Hi' ol) = (20, 0). The receiver is scanned in the plane of incidence from 0 deg to 80 deg in
the backscatter (¢r = 0) and forward scatter (or = 180) azimuth planes. The p'l 1 and p'” com-
ponents are very large at the gpecular angle, (ﬁr, dsr) = (20, 180), and significantly smaller away
from the specular angle. The pi,l and pL. components, with source and receiver cross po-
larized, are small for all receiver angles. Data for the same sample with the source at (Hl' ¢i)
= (80, 0) are shown in Fig. 4, in which the specularity is again very prunounced but with the
significant difference that the p'l'l component {8 much smaller at the specular angle. This
is apparently because the specular reflectin of parallel polarized radiation {rom a dielectric

surface i8 very low at the Brewster angle which, for this sample, is near 60 deg.

The Brewster angle effect suggests that reflection from Q.D. paint surfaceg has a large
component which can be attributed to specular reflection from a rough dielectric surface.
This 18 even more clearly evident in the data plotted in Fig. §. This plot is a cross plot of data
from a number of Br scans such as those presented in Figs. 3 and 4. The fact that the cross
polarized reflectances, p'l,ll and p|l.l , are nonzero suggests that there i an additional com-
ponent to the bidirectional reflectance which is the result of multiple reflections on the surface

and a penetration and scattering from within the paint medium which depclarizes the incident
radiaticn.

The specular peak in Figs. 3 and 4 is fairly narrow. This suggests that the O.D. paint sur-
face is, in fact, quite smooth. The small, fixed bistatic angle data in Fig. 6 most clearly in-
dicate the degree of surface roughness. The bidirectional reflectance with 23 = 2 deg is very
large at near normal incidence and falls off rapidly as the source and receiver are moved 10
deg away from the surface normal. Hence, it can be inferred that the surface is flat to within
something like 10 deg.

The above general qualitative characteristics are common to all of the Q.D. paint
data, and they provide a firm foundation for the development of a bidirectional reflectance
model for extrapolating a limited number of p' measurements at one wavelength to all source,’
receiver positions, polarizations, and wavelengths « The bidirectional reflectance model
consists of two components. The first component takes into account the specular reflection
from the rough dielectric surface which gives rise to most of the angular and polarization

characteristics of the bidirectional reflectance. The second component {8 a volume component
13
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which takes into account scattering and absorption from within the paint medium. This com-
ponent gives rise to the more or less diffuse, unpolarized, and wavelength-dependent part of the
bidirectional reflectance. The wavelength dependence of the volume component is obtained from

the spectral directional-reflectance measurement data reported earlier in the Data Compilation.

4.2.2. SPECULARITY AT LONGER WAVELENGTHS

The reflectance»properties of real surfaces are dependent both on the material's opti-
cal properties and surfgce properties. In the visible portion of the spectrum, almost all
surfaces are rough combé.rqd to the wavelength (except those that are polished and which
are mirror-like reflectors). In the microwave portion of the spectrum, most surfaces
are smooth relative to the wavelength' and are mirror-like reflectors. The characteristics
of the bidirectional reflectance do not change very much from 0.63 to 1.06 um, but there is a
transition region where some surfaces are very smooth and others are still very rough and
where the bidirectional reflectance changes character very dramatically. This transition occurs
in the thermal infrared (IR) portion of the spectrum. The data exhibit this transition region in
that the O.D. paint surfaces are very specular at 10.6 um, whereas the various canvas, wood,
and concrete and asphalt surfaces are nonspecular and still rough on a scale of 10.6 um.

4.2.3. OTHER DATA CHARACTERISTICS

A characteristic common to mahy of the bidirectional reflectance curves in Volume II is
that, over a rather large range of 0, (sometimes as large as 100 deg), the curves fall nearly
on a curve described by some multiple of sec (9r -8 r0); 9:‘0 is a constant which depends on ei
and changes from one material to the next. The effect is most pronounced when the source is
at a large angle of incidence. An example of this is shown in Fig. 7. This behavior is notice-
ably absent in the data known to satisfy Lambert's law fairly well, such as in the data for 3M-
white paint (Fig. 8). This characteristic provides a guide for extrapolating the measured data
to a wider range of (91’ qsi; or,¢r) and is a valuable key to the development of the volume com-
ponent of the bidirectional reflectance model.

Another feature exhibited by the bidirectional reflectance data in Figs. 4 and 7, which has
been found to be common to much of the p' data, is a pronounced increase in p' in the direct
backscatter direction. This effect has been reported by Oetking [7] for a variety of materials.

4.2.4. REFLECTANCE STANDARDS DATA

A number of bidirectional reflectance measurements were made as apart of the laboratory
phase of the Target Signature Measurements program to provide calibrated field reflectance
standards for various other Air Force programs. Large canvas panels were used as reflec-
tance standards for airborne measurement programs. Data were taken on these panels and
are reported in the canvas and cloth data. Additional measurements were made on various
materials in search of stable, reproducible, highly reflecting, and diffuse reflectors (ideally
Labertian reflectors). The 3M-white paint, Fig. 8, was found to be the most nearly Lambertian
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reflector and one of the most suitable diffuse fie'd reflectance standards at 0.63 and 1.08 um.

Flame-gprayed aluminum, Fig. 9, was found to be nearly Lambertian and a good field reflectance
standard in the infrared at 10.6 gm.

4.2.5. MEASUREMENT CHARACTERISTICS

The effects of the digital recording of the data and subsequent data processing are evident
in some of the data. The bidirectional reflectance of a particular sample often varies by as
much as three orders of magnitude, and this represents the limit of the dynamic range of the
system. Usually, the high reflectance data are collected with attenuators in the system, and
these are generally removed for collection of the low-reflectance data. For some measure-
ments, the attenuators were not removed when the low reflectance data were collected. The
effects of the digital processing are then apparent in these data because the bidirectional re-
flectance has to undergo a rather large fractional change to increment the digital voltmeter
output. These data fall on segments of curves which are multiples of a sec 9 curve, i.e.,
nAvV sec 0 where n i8 an integer and AV the smallest voltage increment of the digital voltme-
ter. The sec 6, is the result of the (cos 6 ) factor in the data reduction formula, Eq. (5). A
small ripple on the sec 9r segments is caused by variation in the monitor voltage which is
large compared to the signal voltage. Such data are illustrated with the pi n and p! A curves
in Figs. 3, 4, and 6. The occurrence of segments of a sec Or curve resulting from the digital
processing is an instrumentation effect and is not related to the sec (Or -8 rO) effect observed

in Section 4.2.3, a characteristic of the reflectance properties of many surfaces over some
range of or.

Several other characteristics appear in the data which are caused by the instrumentation.
Data gaps appear in the backscatter direction when ar = 01, when the reveiver passes through
the beam. No values of p' smaller than 10'3 inverse steradians are plotted, since this value
of p' roughly represenrts the noise limit of the system. Finally, the earliest collected data
(e.g. the data for paint sample A01285) were recorded on an analog strip chart recorder reduced
manually at 5-deg angle increments. Straight lines connect the p' data points in these plots.
Noise in thege data is not evident as it is in the data collected later and recorded digitally at
1- or 2-deg incremets and computer processed.
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APPLICATIONS OF BIDIRECTSIONAL REFLECTANCE DATA
Reflection characteristics of targets and backgrounds and appropriate assoctated equations
are most often used to predict the operational capabilities of active or semiactive detection or
mapping systems. When bidirectional reflectance data are used instead of the directional (an
angle averaged) reflectance data, much better predictions can he made for the operation of such
systems and errors caused by the assumption that a target is 4 diffuse refiector (when in actu-
ality the reflector has nonuniform distribution properties) can be eliminated.

To obtain these better predictions, in addition the increased data-acquisition costs, it is nec-
essary to work with large amounts of data sincep' varies with bothsource and receiver directions.
The manncr in which p' varies depends on the particular surface considered and the polariza-
tion states of the source and rec~2iver, as shown by the data curves in Volume II. For active
detection or mapping systems In which the source and receiver are typically colinear. only the
small, fixed, bistatic-angle data are needed. On the other hand, a full set of p' data is necessary
for a passive system for which the sun illuminates the target and the location of which is com-

pletely independent of the lucaliun of the receiver.

The determination of relative contrasts likely to be evident in a strip map or nther display
can be made by ranking the angular dependent reflectance values for all targets and backgrounds
that are to be included. An important asgsumption here is that p' data and geometric models are
available for the targets and backgrounds considered.* A similar ranking of the directional
reflectance values for the same targets and backgrounds is not an accurate way to predict rel-
ative contrasts because the angular reflection properties of materials vary so widely.

Another important advantage of using p' data lies in the pelarization parameter. that can be
exploited to enhance contrast. Since the various polarized components usually have different
values, there are many combinaiions ——sums, differences, and ratios —than can be used with
appropriate instru.nentation to change the contrast between specified targets or target classes
and their backgrounds. Much analysis is needed to determine the optimum source polarization
planc or planes, recelver analyzer orlentations, and/or signal processing. The result is po-
tentlally very signifirant because polarization effects are very pronounced in the data.

*The empirical models for extrapolating p* data obtained for a limited number of sonrce-
receiver positions and polarizations to all 6, ¢4, 8y, ¢, al, ar, and a model to approximate 2
geometrically complex target surface as a ccllection of planar facets {or reflection analysis
have bren developed by the Target Signature Analysis Centers
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For a given system design, the received power for calculation of signal-to-noise ratio can
be computed from the p' data. For flat surfaces, the p' data, as presented in Volume 11, are
appropriate. For geometrically complex targets, each flat elemental area on the target, with
its appropriate p'( B &3 r?r,tbr). has to be considered separately .

In the development which follows, no polarization subscripts are given to p'. The p’

. . appro-
al.,or
priate to the polarization of the source and for the polarizer on the receiver is implied. Then,

by definition (see Eq. 1):

L (0, ¢,)

L (H ¢) cos "i dQ

(6)

where

i i
L ("l’ ¢i) cos Hiin = E (01’ ¢i)
with Li(ni, ¢i) the radiance incident on the target from direction (ni, q&i),'and in the incremental

incidence solid angle about direction ( B ¢i)' Hence,
r o . i '
Li(n.6)=p"0, ;0,6 )L(6, ) cos A, dQ, (M)

where 2 specified wavelength or narrow wavelength band is assumed. Then the radiant power
D ihal pascos through a remotely positioned aperture, P(Ur, ¢r), is

_ 4T
P(Hr. ¢r) =L (”r' ¢r)A cos ()rQr (8)

where A = the area of the reflecting surface
Qr = the solid angle subtended by the recelving aperture
"r = the angle from the surface normal to the receiving aperture

It is assumed here that Qr is small and that the receiver is pointed directly toward the area A.
Thus, generaliy

- ' . i .
P(0, ¢ )= fp (0 &3 0,48 IL(B, ¢,) cos 0,d, (A cos 9 Q@ (9)

e,

The term in the brackets is the target radiance L (0 o ) caused by the reflection of a source
that subtends a solid angle i delivering radiance L (H‘, ¢‘) This general equation can be sim-
plified when certain conditions exist: if p' does not vary over the range of incidence angles
considered, it can be moved outside the Integral. The remaining integral is the irradiance Ei
on the target. Under these conditions

~ . i
P(”r’ ¢r) =p (01’ d’l’ nr,¢r)E (Oi’ ¢1)A cos ()rﬂr (10)
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With Eq. (10) as a starting point, substitutions can be made ior the terms E, A, and Qr,
in accordance with the geometries of various illumination source and receiver systems, to
illustrate the use of p' data. Three equaticns are developed, one for solar illumination and
two for lasger jllumination. It is agsumed that only one target, for which p' is known, is in the
field of view or is illuminated by the luser beam. An approximate answer for received power
may be obtalned if the target is assumed to be diffuse and p' is replaced by pd/n (pd being the
directional reflectance reported earlier in the Data Comptlation). However, this will lead to
erroneous results if the target is specular and is the very reason for the use of p'.

Case I: Solar I'lumination

The irradiance, E', from the sun is
t -
E (Bl’ °i) = !:'.81':1 cos 91 (11)

where Es {8 the solar constant, Ta is the atmospheric transmission term fer the selected
wavelength band, and 0‘ is the incldence angle.

If the receiver has a total angular field of view of a rad and is situated at an angle Hr off
the normal to the target surface, and if the range from receiver to target is R, then the target
area A is

.22 1
A'IR“coser

(12)

The receiver solid angle ﬂr ts simply receiver aperture area divided oy the range from
the source to the target

A
a_ - - (13)

When these subsiitutions for E', A, and Qr are made into Eq. (10), for the case of solar {llu-
mination within a selected wavelength band, one obtaine

- [ . W - E 2
P(er, ¢r) = p (Ot’ ¢, ar’q’r'hs' o €08 g <a Are

14 4

[

Equation (14) is independent of the range since, when the range to the recelver is decreased
causing the solid angle to increase, the target area decreases. However, a term that is de-
pendeant on range, TaR' must be included to account for the atmospheric transmissicn between
the target and the receiver. Thus, ignoring €ky radiance lacident on the tacgel and any solar
radiation scatiered to the senscr by the intervening atmosphere,the complete equation for
Casells

' . n 2
P(Or. ¢l.) =p'(8;, ¢ 0,,,«35‘,)!:2,;1'a cos §, za"A (15)

r
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Case 1l: Laser Svurce Arranged Coaxially with a Receiver

The irradicnce {on the target) caused by the laser source 18

P, cos ”l

i, .
Elp o) =

T
J°R at

-~

(16)

-~

where Pl is the nutput power of the laser. 7 is the beam divergence angle of the laser, and Tt
is the atmospheric transmission between the transmitter and the target; the remaining terms
are as defined above. The target area and receiver solid angle are the same as in Case I; i.e.:

oTge 2 1
A‘i’“" cos
r
Also
Are(‘
v

Upon substitution into Eq. (10), and ignoring the laser radiation scattered back to the re-
ceiver by the intervening atmosphere, the powerat the recejver of a coaxially arranged laser

{lluminator, P(ﬂr, osr),:‘.t the receiver is

\ 2 02 Arec
P(ur. mr) = p'{n. o n.o;P[ cos iy at;f R2 an

where ,12!_,72 is limited to 1.0, T Was squared to account for two-way propagation. and the sub-
script on i/ was dropped since T # for a coaxial system. The term 02-’)' in Eq. (17) has
a maximum value of 1 since the portion of the field of view that is larger than the laser beam-

width does not contribute to received power.

Case III: Laser Source Not Arranged Coaxiully with a Receiver
If the terms used to develop Eq. (17) ure rewritten with subscripts to allow for a range Rt

for the laser and RR for the recelver

P, cos ¢
i t i', (18)

EC o) ——5 5Ty
Y Rt

o

Ll

where Ta I8 the atmospheric transmission {from the laser source to the target

t

2 2 1
A"4RR“ COS”r




Thus, with a laser and receiver not coaxlal
(12 rec E
P(gr; ¢l‘) = pl(ﬁl, °l; 0!"¢I‘)Pl cos girat;f - ;fTaR (19)
t
where TJR is Included as in Eq. (15).

The recelved power in Egs. (15), (17), and (19) is directly proportional to the receiver
aperture area. For certain types of targets, this is not true if large apertures are used. For
example, if the target acts as a mirror in such a way that the beam properties of the source
are conserved upon reflection,then the size of the receiver aperture relative to the reflectea

beamn becomes important. For such a case, one would have to integrate o ¢ - the aperture
area.
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COMPLETE SPECIFICAT?ON OF THE POLARIZED
BIDIRECTIONAL REFLECTANCE

It is well known that four parameters are, in general, required to specify the polarization
of the incident irradiance, El(oi. ¢‘), and that four are required to specify the polarization of
the reflected radiance, Lr(er, ¢r),for incoherent radiation.* Hence, four measurements are
requirced to completely determine the polarization state of a beam. The four parameters re-
quired to define an elliptically polarized beam are related to the intensity in the beam, its
ellipticity, the orientation of the ellipse, and its handedness. These four parameiors are con-
venlently contained in the four components of a four-element Stokes vector. The use of the
Stokes vector to describe polarized radiation ig well covered in Ref. {9] . The Stokes vector
for polarized radiance El(ﬂi, ¢‘) s denoted by [El(el, ¢l)]. and similarly for the reflected ra-
diance Lr(f)r, @r) by [Lr( 6 ¢r)]. -

The transformation of the four component Stokes vector fcr the incident irradiance, [Ei(ni,
°1)] , by the process of reflection to the four component Stokes vector for the reflected r;dlance,

[Lr(b‘r, ¢r)J. lnvolves a 4-by-4,16-element Mueller matrix (Ref. 9). That ls, a complete spece
ification of the polarization characteristics of the bidirectional reflectance p'(l)i, ¢1; Hr’ér)
requires specification of 16 elements of 2 4-by -4 matrix. The Mueller-matrix representation
of the bidirectional reflectance is [p'('?l, $: A0 r)]. Then, in principle, 18 measurements witk
various combinations of source/receiver polarization have to be made of p'(ﬂ‘. ”l; Hf,@ r) to
determine the value of the 18 elements of [p'(el, LR l_)]. In general, circularly polarized
source polarizations are required to determine some of the elements and the circularly po-
lartzed compuneats in the roflczicd radinnce are required to determine somce others. The num-
ber of elements needed in the [p'] matrix redices to 12 when onlv 'ane polarized sources are
considered. For surfaces which do not generate, upon reflection of p*. ne polarized incident
irradlance, a circularly polarized component in Lr(:?r, ¢r). the nuraber of matrix elements needed
is further reduced to . Then the number of polarized bidirectional reflectance measurements
needed is also reduced to 12 and 9, respectively.

Only four combinations of source/recejver polarizations have been measured for most
samples, namely, pi'l, i, r p'|“L and p'l'| and from these various others can be inferred which
are appropriate to an unpolarized source and/or receive: (see Eq. 2). For a perpendicularty
polarized source delivering Li(el,cst)fmm direction (H‘, ¢l) in a small solid angle dq, the
parallel and perpendicular components of the reflected radiance, L:(ﬁr, vbr) and LI(Hr, ¢r)

are given by

¥The laser produces coherent ratiation, but when the receiver subtends many speckles and
when incohereut detection techniques are used, the use of Stokes vectors {or incoherent radiation
are still appropriate. 29




r - ] t . '
Ll(”r' ¢:_) = Pl ,lL( 'l. ¢ ' ¢‘ )Ll( Q"‘) cos "dQ‘

r . i ,
Ll(”r‘ ¢r) -p (0. ¢ 'r.or)Ll( v @l) cos JidQ‘

For a source which is distributed over a large solid angle Qi‘ but which is polarized 1l to the

plane of incidence everywhere In Ql

r . . . t, .
Ll“r‘ d)r) : Ipl ‘1(”‘. 6 'r‘or)Ll( v d'l) cos ’idQl

r - ' IT] LT i " i
LI(”r‘ c—"r) - J’pl.l( i O r‘or)l‘i(' i di) cos idQl

Y

The equitions for a source polarized parallel to the plane of incidence, and those with an un-

polarized source take on a similar form.

It is very important to recognize that the bidirectional reflectance p('ﬂ,ar for a linearly
polarized source with ai other thaa 0(1) or 90(1) cannot be determined from only pi,l. pl',l' .
p'” and p;.: without additional p' measurements or a bidirectional reflectance model. These
four polarized p' components are only 4 of the 12 (for plane polarized sources) required to
specify {p']. Although a plane polarized incident mdlame, (9 2 ). can be decomposed into
components polarized parallel to the plane of incidence, L (8 i)' and perpendicular to the

piane of incidence, Llw ¢i) vis.:

t S 2 .
LI (n‘, ¢l) - Lal("i‘ ¢>i) sin” ai
(22)

i o 2
Ll("i' ¢,‘) - La( ’i‘ ok) cos ai

so that

L:("r' o )" oy I[L (, w) sin? on] cos ) % « py [L (" ) cos? al] cos # dQ (23a)

and
LT(v . 0) = (n o) ln? J cos n dQ + L (:) o, ) cos2 ai] cos i, dfl (23b)
.1. r % pl 1_ 8 aJ p.L l

the relative phase angle between the parallel and perpendicular polarized incldent radiance
changes upon reflection, sc that we cannot determine L;r('?r, ¢ r) witnout addilional p' measure-

ments.
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Fortunately, it is generally not necessary to make 16 (or even 12 or 9) measurements of
p' with various source and receiver polarizations to determine all of the elements of the [p']
Mueller matrix. It is possible to infer all of themy from only three of the four which have been
measured. and which, for most samples, are reported with the empirical modeiing techniques
developed by the Target Signature Analysis Center. These same models also provide the com-
plete (x; 91,¢i; Hr,or) dependence from a very limited number of p'(x; Hl.cb‘; I)r,qsr) measure-
ments. The bidirectional refleciance models are thus very powerful tools indeed. Some cf the
modeling efforts have been applied to the complete re- /
flection analysis of a geometrically complex target. Recent advances in the develop- 7
ment of empirical bidirectional models by the Target Signature Analysis Center are soon to

be published.
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INDEX OF GRAPHIC BIDIRECTIONAL REFLECTANCE DATA
IN VOLUME II AND CROSS REFERENCES
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7.1 PAINTS

SAMPLE NO, SAMPLE DESCRIPTION By DATA_PARAMETERS
1027 003 0D Paint on Metal 0.63 ¢, =0, 20, 40, 50, 60,

70; In-plane er scan

1044 003 OD Paint on Metal 0.63 vy . 0, 20, 40, 50, 60,

70; In-plane Or scan

1047 003 0D Paint on Metal 0.63 vy 0, 20, 40, 50, &N,

70; In-plane Fr scan

1049 001 OD Paint on Metal 10.6 2: = 1.10; 6[ scan

Gi =~ 0, 50; In-plane ¢, ecan

1187 001 Black Paint on Steel 0.63} 61 = 0, 45, 70; In-plane er scan

1224 004 OD Paint on Metal 0.63 bl = 0, 20, 30, 40, 60, 70;

In-plane Gr scan

1295 004 Lt. Green Paint on Metal 0.63 27 = 73 L 0, 180; 8 _ acan
v w 7; L 9o, 27v; ¢, 8can
&1 « 0, 20, 30, 40, 60, 70;

In-plane Or scan with ei = 90

1337 001 0D Pafnt on He%al 1.06 9y " 0, 60; In-plane 5, scan
1338 001 OD Paint on Metal 1.06 6’ « 0, 60; In-plane ¢, scan
1339 001 0D Paint on Metal 1.06 6i = 0, 6C; In-plane Gr scan
1341 006 OD Paint on Metal 0.63 28 = 7; ¢, = 0, 180; 5 scan
01 = 0, 20, 30, 40, 60, 70;

In-plane er scan
8 =« 7, L 90, 270; 6: scan

1342 005 0D Paint on Metal 0.63 22 =7, i = 0, 180; 0r scan
91 = 0, 20, 30, 40, 60, 70;
In-plane Or scan
28 = 7; o‘ = 90, 270; er scan

1343 004 OD Paint on Metal 0.63 28 = 7, ¢r = 0, 180; Or gcan
B, = 0, 20, 30, 40, 60, 70;
In-plane ﬁt scan
28 = 7; L 90, 270; Br scan

10

11

13

16

20

21

22

23

28

32




1444 004

005

1433 005

006

1454 005

004

1455 005

1456 005

1457 006

SAMPLE DESCRIPTION

Blue Paint on Metal

Lt. Brown Paint on Metal

Field Drab Pafnt on Metal

Field Drab Paint on Metal

OD Paint on Metal

OD Paint on Metal

OD Paint on Netal

0.63

1.06

0.63

1.0¢

0.63

1.0¢

0.63

0.63

1.06

0.63

DATA TARAMETERS PAGE
280 = 7; ‘r - 0, 180; 0r scan 36

6, = 20, 30, &40, 60, 70;
In-plane 0t scan

26 = 7, ¢, ~ 90, 270; ¢, scan

25 = 7; ¢, = 0, 180; 0, ecan I
0‘ = 0, 20, 30, 40, 80, 70;

In-plane u( scan

28 ® 7; ¢ 90, 270; 0r scan

01 = 0, 20, 30, 40, 60, 70; 43
la-plane Gt scan with ¢y " 180

25 = 2, ¢ " 90, 270; ¢ 8can

28w 7, ¢, 8can 47
01 ~ 0, 20, 30, 40, 60, 70;

In-plane Or scan

e " 0, 20, 30, 40, 60, 70; 51
In-plane Or scan vith ¢y 180

28 = 2; ¢ = 90, 270; 0, scan

28 » 7; v, scan (YA
61 ~ 0, 20, 30, 40, 60, 70;
In-plane er scan

28 = 2 et scan 5?7
01 = 0, 30, 70; In-plane er scan

23 = 2, ¢, - 0, 180; er scan 59
61 = 0, 20, 30, 40, €0, 70;

In-plune 0r scan

26 » 2, ‘r = 90, 270; Or scan

28 = 2, e‘ scan 63
61 =- 0, 20, 30, 40, 60, 70;

In-plane er gcan

28 = 2; L 0, 180; er scan 67

01 = 0, 30, 7C; In-plane Gr scan
with ‘1 = 0
23 = 2, ¢ =0, 180; ¢_ scan

r r




SAMDLE NO,  SAMPLE DESURIPTION o TA_PARAMETERS PAGE
1657 006 UD Paint on Matal 0.63 e 0, 30, 70; ln-planc 67

ﬂr scan with :’ = 180

2. = 2, ¢, - 90, 270; Y, vean
0‘ = 0, 30, 70; ln-plane
v, scan with Gy 270
005 1.06 2c = 75 ¢ = 0, 180; - wcan A
v 0, 20, 30, 40, 60, 70;

In-plane Gr scan with s 0

= 20, 30, 40, 60, 70;

In-plane = scan with + = 180

2i = 7; e - 90, 270; 1, scan
e 0, 20, 30, 40, 60, 7V;

In-plane tr scan with oo 270

1509 001 OD Paint on Metal 0.62 o = 0, 45; 1In-plane scan 82

1569 003 Green Paint on Steel 0.63 2: = 2, b, scan 83

T 0, 30, 70; In-plane f} scan

004 10.6 6 = 1 ¢ scen 8v
vy - o, <0, 30, 40, 63, 70,
In-plane 6r acan

1570 004 Lt. Brown Paint on Matal 0.63 W e 2, 6[ scan 89
01 = 0, 30, 70; In-plane
Or scan
003 10.6 28 = 1.1; “K scan 91

¢, =0, 20, 30, 40, 69, 70;

In-plane ¢, scan

1586 001 Blue Metallic Paint on 10.6 2: = 1.1; 1, Scen 95

Steel 6, = 0, 50; In-plune » szan

1567 001 Green Metallic Paint cn 1.6 25 = 1.1; t, #can 96
. Steel 01 = N, 50; In-plane v, scan
1588 001 Red Paint on Steel 10.6 26 = 1.,1; cr 8écan 98 -

91 e (0, 50; lo-plaue ﬁr SCAD

1569 001 wWhite Paint on Plywood 10,6 “F = 1.1; :r = 0, 180; B, scan 99
28 = 11, Qr = 90, 270, t, 8can

36




SANPLR WO, SAMPLE DESCRIPTION A DATA PARAMETERS

1608 201 OD Paint on Metal 0.63 Gi = 0, 10, 20, 30, 40, 45, 50,
55, 60, 65, 70, 75, 80;: In-plane

scan
e!‘

1610 101 OD Paint on Metal 10.6 0i = 0, 10, 20, 30, 40, 50;

In-plane ar scan

PAGE

1629 101 0D Paint on Metal 0.63 Oi = 0, 10, 20, 30, 35, 40, 45, 50,

55, 60, 70; In-plane et scan

1638 101 Light Tan Paint on Metal 0.63 ei = 0, 40, 70; In-plane er scan

1640 101 0D Paint on Metal 0.63 By = 0, 10, 20, 30, 40, 50, 60, 70;

’

In-plane et scan with ¢i = 180
28 = 2; ¢r»- 90, 270; 9r scan

1699 301 Black Paint on Metal 0.63 6, = 0, 30, 60; In-plane 6, scan

302 1.06 ei = 0; In-plane er scan

1701 102 OD Paint on Metal 0.63 2B = 23 er scan
6, = 0, 30, 60, 80;
In-plane er scan
ei = 0, 30, 60; Out-of-
plane er scan
ei = 45 ¢r scan
201 0.63 28 = 2; er scan
0i = 30, 60; In-plane 0r scan
6i = 0, 30, 60; Out-of-plane et
scan
101 10.6 28 = 1; er scan
ei = 0, 30, 60; In~plane er scan
9i = 0, 30, 60; Out-of-plane er
scan
1807 301 Camouflage Paint on Metal 0.63 28 = 23 $p = 0, 180; 8. scan
6, = 0, 10, 20, 30, 40, 50, 60, 70;
In-plane er scan with ¢4 = 180

nl Camouflage Paint on HMetal 0.63 28 = 2; by " 90, 270; et scan
0i = 0, 10, 20, 30, 40, 50, 60,
70; In-plane 0r scan with ¢1 = 270

37

100

107

109

115

116

121

123

127

130

143

143



SAMPLY NG, SAMPLE DESCRIPTICN A
1807 101

DATA PARAMETERS PAGE

1.06 28 = 23 Or scan 152
01 = 0, 10, 20, 30, 40, 50, 60,
70, 75; In-plane Or scan
Gi = 10, 20, 30, 40, 50, 60D, 70;

Out-of-plane Or scan

302 10.6 01 = 0, 10; In-plane ©_ scan 161

T

15808 301 Camouflage Paint on Metal 0.63 0, = 0; In-plane Or scan 162

’

101 v 1.06 2B = 23 er scan 162

0, = 0 - \
1 0; In-plane p fcan

1839 301 0D Paint on Metal 1.06 28 = 23 er scan

163

(=23
]

i 0; In-plane er scan

1848 301 OD and White Paint on 1.06 61 = 0, 30, 45, 60, 75; 164
Metal In-plane er scan with ¢i = 180
28 = 2, 5, 103 ¢r = 90, 270;

0_ scan
r

1879 201 Green Paint on Metal 10.6 28 = 23 ¢r = 0, 180; 0r scan 1686
Oi = 0; In-plane 0r scan
28 = 23 ¢r = 90, 270 er scan
1880 201 Green Paint on Metal 10.6 28 = 23 ¢r = 0, 180; 0r scan 170
s In-plane 0r scan
; ¢ =90, 270; 0_ scan
r r

(s
]
o O N

0y = 0; Tn-plane 6_ scan

1881 301 Black Paint on Metal 10.6 28 = 2; ¢r = 0, 180; or scan 172
0i = 0; In~plane Qr gcin
28 u 2;‘3’r ~ 90, 270; 0. scan
0y = 0; In-plane or scan

1882 201 Orange Paint on Metal 10.6 28 = 2 ¢, = 0, 180; Or scan 174
0i = 0; In-plane Br scan
28 = 2; ¢r = 90, 270; Or scan

1883 101 0D Paint on Metal 10.6 28 = 2; ¢r = 0, 180; 0r scan 175
01 » 0; In-plane or scan
28 = 2; ¢r = 90, 270: or scan

1887 201 Blue Paint on Metal 10.6 2B = 23 ¢r = 0, 180; Or scan 177
0i = 03 In-plane 0r scan
206 = 23 ¢r = 90, 270; 0r scun




SAMPLE WO,  SAMPLE DBSCRIPTION A DATA_PARAMETERS PAGE

1888 201 0D Paint on Metal 10.6 28 = 2; L 0, 180; 8, scan 178

81 = 0; Iln-plane er scan
28 = 2; or = 90, 270; er 6can

6, = 0; Ian~plane 8r scan

1889 101 OD Paint on Metal 10.6 28 = 2; 0t scan 180

61 = ; In-plane et scan

1892 301 0D Paint on Mztal 106 28 = 2; er scan 181

6, = 0; In-plsne er acan

1897 102 3M Black Feint or Wood 10.6 28 = 2, Gr scan 182

e1 = 0, 4G; Tn-plane Gr scan

1917 101 OD Pain* on Metal 10.6 26 = 2; er acan 184
. 81 = 0; In-plane er scan

1920 101 0D Paint on Cork 10.6 28 = 2; er 3 an 185
. 6, = 0; In-plane 6, scan

1922 103 OD Paint ou Posterboard 20.6 28 = 2; 6r scan 186

6i = 0; In-plane et scan

1924 101 OD Paint nu Plexiglass 10.6 28 = 2; 0r scan 187

8, = 0; In-place er scan

1926 101 OD Paint on Cardbvard 10.6 28 = 2; er scan 188

01 = 0; In-plane er scan

2001 101 OD Paiat on Metal 1.66 28 = 2; er 8can 189
91 = 0, S6; In-plann er acan
6i ¥ 56; Out-af-plane Qr scan

2004 101 OD Paint on Metal ~.06 28 = 2; 9' acan 191
61 = 0, 56; In-plane er scan
8, = 56; Gut-of-plane 6r scan

CROSS REFERINCES FOR PAIRT

1290 0C1 3M Wnite Paint (See Reflectance Standards Materiul)
- 1292 001 " " " []] " ”" "

39




CROSS RETERENCIS TOR PAINT

(Continued)

1460 40" 3M wWhite Paint (See Reflectance Standarde Material)
1468 002 Black Paint on Canvas (Sez2 Cloth and Canvas)
1470 101 Mediuwn Gray Paint on Csanvas (See Cloth and Canvas)
1671 002 " " " " " " " " n
1474 002 Gray‘sh-White Paint on Cenvas (See Cloth and Canvas)
1‘75 101 " " 1" " L1 [ ” " "
1478 0C2 Green Paint on Canvas (See Cloth and Canves)
20u3 101 3M White Paint on Fiberboard (See Reflectance Standards Material)
7.2 CLOTH AND CANVAS
SAMPLE NO. SAMPLE DESCRIPTIGN by DATA PARAMETERS
1012 007 Rluye Gray Cotten 0.63 91 = 0, 40; In-plane Or gcan
with ¢ = 180
61 » O, 40; In-plare Gr fcan
with iT 270
1057 014 ite Nylon u.63 81 = 30; In-plsane Gr scan
1058 014 0l4ve Green Nylon 0.6 o " 30; Ian-plane g, scan
1059 014 Orange Nylon 0.63 e1 = 30; In-plsne er scan
1059 015 Orange Nylon 0.63 v, = 30; In-plane 5 scan
1060 014 Sand (Beige) Nylon 0.63 61 = 30; In-plane ér scan
1061 014 Olive Green Nylon 0.63 01 = 30; In-plane er scan
1096 002 Green Canvas 10.6 26 = 1.1; er scan
61 = 0, 50; In-plane ﬂr scan
1099 002 White Canvas 10.6 28 = 1,13 er scan
01 = 0, 50; In-plane 6r scan
1103 002 Black Canvas 10.6 28 » 1.1; Or scan
Oi « 0, 50; In-~-plane Or scan
1188 007 Faded Black Cotton 0.63 e1 = 0, 40; In-plane er scan
with 4, = 180
01 ~ Q, 40; In-plane &r scan
with ¢1 = 270
1189 008 Gray-Green Cotton Drill 0.63 Oi s 0, 40; In-plene 0r scan
with @i = 180
01 = 0, 40; Ia-plane Or scan
with 4y 270

40

PAGE

193

198

199

201

202

204



SAMPLE MO,
1466 002

1470 101

002

1471 002

1474 002

1475 102

1478 002

1480 002

1483 002

1486 002

1510 001

2667 101

103

102

1668 102

101

SAMPLE DESCRIPTION

Black Paint on Canvas

Gzay Pain’ on Canvas

Grey Paint on Canvas

Grayish-White Pasnt on

Canvas

Grayish-White Paint on

Canvas

Green Paint on Canvas

Undyed Cottua

Vat Dyed Cotton

Cotton, Sulfer Dye

OD Canvaa Tarpauliu

Red¢ Canvas

Blue Canvas

10.6

0.63

10.6

10.6

1.6

0.63

10.6

10.6

10.6

10.6

0.63
0.63

9.63

1.15

0.46

41

DATA PARAMETERS

28 = 1.,1; 6_ scan
r

Si = 0, 50; Ian-plane Or

ei =- 0, 10, 20, 30, 40,
In-plane er scan
28 = 1.1; 6_ =can

4

61 = 0, 50; In-plane o,

28 = 1.1; 8_ scan
r

6, = 0, 50; In-plane er

6, = 0, 50; In-plane er

81 = 0, 10, 20, 30, 40,

I n-plane er scan

28 = 1.1; er acan

ei = 0, 50; In-plane er

28 -.1.1; 6r ecan

9i = 0, 50; In-plane er

28 = 1.1; er scan

e1 = 0, 50; In-plane 8

28 = 1,1; €_ scan
r

0i = 0, 50; In-plene 0r
6i = 0, 45; In-plane er

8, = 0, 20, 40, 60;

In-plane Or scan
ei = 0, 20, 40, 60;
In-plana er scan
61 = 0, 20, 40, 60;

In-plane er scan

91 = 0, 20, 40, 60;
In-plane 6r 8ZAD

01 ~ 0, 20, 40, 60;
In-plane er scan

acan

50, 60, 70;

acan

acan

s8Can

50, 60, 70;

scan

scan

acan
T

ecan

scan

206

208

212

212

215

216

220

222

223

225

226

227

229

231




SAMPLE NO,

1668 104

103

1669 101

104

103

1670 162

101

1671 102

101

1672 102

101

1673 103

101

102

1674 101

102

SAMPLE DESCRIPTIOR

Blue Canvas

Green Canvas

Gray Treated Canvas

Gray Treated Canvas

Gray Treated Canvas

Gray Treated Canvas

Gray Treated Canvas

Black Treated Canvas

0.63

J.63

0.4

0.63

0.46

0.46

0.63

0.63

Q.63

0.63

0.63

42

DATA PARAMETERS

¢, =0, 20,

- &
In-plane €

e‘ = 0, 20,

In-plane Gr

8, = 0, 20,
In-plane er
e, - 0, 20,
Tn-plane Tr
8, = 0, 20,

-py?
In-plane er

81 = 0, 20,
In-piane er
ei = 0, 20,
In-plane er

ei = 0, 20,

In-plane er

6l = 0, 20,

In-plane er

6, = 0, 20,
In-plane er
6, ® 0, 20,
In-plane 6r

61 = 9, 20,
In-plane 6‘
61 = 0, 20,
In-plans er
ei = 0, 20,
In-plane er

0i = 0, 20,
In~plane er
e1 = 0, 20,
In-plane et

40, 60;

scan

40, 60;

acan

40, 60;

scan

40, 60;

scan

40, 60;

scap

40, 60;

acan

40, 60;

scan

4G, 60;

scan

40, 60;

scan

40, 60;
scan

40, 60;

scan

40, 60;
scan

40, 60;

scan

40, 60;

scan

40, 60;

acan

40, 60;

scan

PACE

239

241

243

245

247

249

251

253

257

259

261

263

265

267

— === —a




SNPLE MO,  SAMPLE DESCRIPIION

1680 101

301

1802 101

1803 101

¢ 1820 101

1833 301

18%0 101

1891 101

1893 101

1%00 101

1918 101

1918 201

2002 101

g i Sy ey e e - = e

0D Canvas

Gray Canvas

Black Canvas

Gray Canvas

OD Canves

OD Canvas

Vinyl Ccatod OD Canvas

Vinyl Costed 0D Canvas

Black Canves

Black Canvas

OD Csavas

0.63

10.6

0.63

0.63

10.6

1.06

10.6

10.6

10.6

1.06

1.06

1.06

DATA PARAMETERS
o, = 0, 20, 40, €0;

In-plane Or

acan

28 = 2; 6r scan

&

= 0; In-rlane Br scan

el = 0, 20, 40, 60, 75;
In-plans et acan with ox = 90
61 - ¢, 20, 40, 60, 75;

Out-of-plane et acean with %

1

8, = 0, 20, 40, 63,65;
In-plane 6, scan vith ¢, = ]
o, = 0, 20, 40, 60, 7%;

Out-of-plane 8, scan with ¢, = 0

28 = 2; er scan

61 = 0, 40; Ino~plane ar scan

21

28

&y

0.30,45; In-plane Gt scan
with oy - 180
2;’r - 90,270;er scan

= 60,75; ln-plans er scan

vith 0‘ = 180
2; et - 0, 180; Or scan
0; Io-plane er scan
2; Or = 90, 270; Or scan

2; er scan

0; In-plane er scan

2; 6_scan
4

0; In-plans er scan

2; er scan
0; ln-plaue 8, ocan

0, 56; In-plane er scan
56; Out-of-plane er scan

2; et scan

56; In-plana 6r scan

= 0, 56; In-plane Or scan

81 ® 56; Out-of-plana 6r acan

43

-0

M

274

287

288

289

290

291

293

294




SAMPLE NO,
0096 00«

0106 002

0118 002

0137 002

0153 002

0le7 002

1585 001

1599 v21

SAMPLE DESCRIPTIOR
Redwood Block

White Oak Block

Red Osk Block

California White Oak
Block

Wnite Pine Block

Oregou White Oak Block

Untreated Wood

Uupaintad Plywood

1.3 WGOD

Y DATA PARAMETERS

10.9% 28

10.6 28

10.¢ 26

10.6 2g

10.6 28

10.6 28

10.6 28

= 1.1; cr « 0, 180; et scan
= 0, 50; In-plane Sr scan
= 1.1; &r = 99, 270; Or scan
e 0, 50; In~plane f, scan

= 1.%; ¢t = (0, 180; er scan
= 0, 50; In~plane ar
= 1.1; ¢r = 90, 270; Gr acan

« 0, $S0; In-plane 6, avan

scan

= 1.1; o = 0, 180; ﬁr scan
= 0, 50; In-plane ar scan

- 1.1; (A 90, 2i0; ﬂr
= 0, 50; In-plane ar

scan
scan
-1.1; S scan
« 0, 50; Yn-plane er scan
=1.}; L 90, 270, et scsn

= (; lv-piane Y

= 0, 180; er

scon

- 1.1; Or = 0, 180; Br scan

- 0, 50; In-plane Or scan

= 1.1; Qr = 90, 270; 6; acan
~ 0, 50; In-plane er scan
- 1.1; so- 0, 180; et acan
w 0, 50; In-plane er scan

=1.1; 4, " 90, 270; 0r
= 0, 50; In-plane cr

scan

scan

= 1,1; ¢r = 0, 180; Ot scan
= 0, 50; In-plane er
- 1.1; ’r - 90, 270; ﬁr scan
= 1), SC; In-plane er scan

acan

= 1,1; °r e (, 180; er scan

i e 1.1; 0r = 90, 270; er scan

ad
3!

297

300

303

306

308

E) 9

314

7z




INILE X0,  SACPLY DESCRIPTION V. DATA PARAMETERS PAGE
1699 101 Wood . 0.63 8 = 2; " 0, 180; 6, scan s

91 - Oo 30. 60. 65, '0;
In-plane et scan with 01 = 180

o1 = 0, 30, 60; Out-of-piane
er scan with 4 - 180

ei = 0, 30, 60; Io-plane er acan
with " 270

91 e 45; .r scan

102 1.06 28 = 2; ¢, scan 325
01 = 0, 30, 60; In-plane Br scan

vith 01 = 180

e1 = 0, 30, 60; Out-of-plane er scan

with 01 = 180
. e1 - 45; ’r scan

CROSS REFERENCES FOR WOOD

) 1585 001 Creocecte Trested Wood (Ses Miscellaneous)
1589 001 White Paint on Plywood (Ses Paint)
7.4 BOIL
SAMPLE WO, & DESCRIPTION .. DATA PARAMETERS ZAGE
19%9 101 Sand . 10.6 28 = 2.5, 6, ecen 329
#** 9010 014 Red Clay, Dry .4920 01 = 53; In-pans er scan 329
019 . . 5200 01 ® 45; In-nlanes at scan 330
C17 01 = 80; In-plane er scan 330
006 .6430 ei = 0; In-plane et scan 331
003 01 = 23;In-plane er scan 331
004 : 01 = 37; In-plsne er scan 332
003 6, = 33; Io-plane & scan 332
002 e1 ® 66; In-plane e,r scan 333
001 61 = 78; In-plans et scan 333
020 Red Clay, Vet .5200 81 = 45; In-plane et scan 334
. 018 01 = 80; In-plsne er scan 334 |
0s1 White Quarts Ssnd .4920 91 ® 53; In-plane °r scan 335
- 030 .6H30 01 = 0; In-plane et scan 338

029 8, = 23; Io-plane er scan 336




SAMPLE NO,
9010 028

027
026
025
035
045

046

SAMPLE DESCRIPTION 2 DATA PARAMETERS PAGE
White Quarta Sand .6430 6l * 37; la-plane er scan 336
. 8, = 53; lo-plane b, scan 337

01 = 66; In-plane er scan 337

61 = 78; In-plane er scan 338

./ J60 ei * 53; In-plane er scan 338

White Gypsum Sand . 5200 e, = 60; In-plane 9, ecen 339
Black Loas Soil 5200 e, = 60; In-plane 0_ scan 139

%aThe data with Sample Numbers 9010 wore taken from Reference | 5)

SAMPLE NO.

1324 001

1327 001

1516 003

1517 002

SAMPLE NO,

1329 001

1530 002

1537 002

7.5 VEGETATION

SAMPLE DESCRIPTION R DATA PARAMETERS PAGE
Mature Hulberry Leaf 0.63 61 = 0, 20, 40, 50, 60, 70; 341

In-plane at scan

Merion Blue Grass 0.63 ei = 0, 20, 40, 50, 60, 70; 344

In-plane er scan

Tree Bark 10.6 28 = 1.1; et scan 347

%

9, 50; In-plane et scan

Pine Tree Bark 10.6 28 = 1.1; er scan 348

01 = 0, 50; In-plans 6, scan

7.6 ASPHALT AND CONCRETE

SAMPLR DESCRIPTION 1y DATA PARAMETERS PAGE
Concrete . 0.63 o, = 0, 20, 40, 50, 60, 70; 351

In-plane Gr Acan

Fine Textured Concrate 10.6 8 = 1.]; o, = 0, 180; 0 sacan 354

:J
[ ]

r
N 0, 59; In-plane 6r acan
28 = 1.1; Qr = 90, 270; et scan
9, »= 0, 50; In-plane 8, scan

Very Fine Councrete _ 10.6 28 = 1.1; o, = 0, 180; 6, scan 357
e1 e 0, 50; In-plane 6r scan
28 = 1.1; °r = 90, 270; 6r scan

0, 50; In-plane 6t scan

6 e

48




| NOLE WO, IPTION A DATA PARNGITERS
1543 002 Medium Fine Asphalt 10.6 28 = 1.1; ¢, =0, 180; &_ scan 360

"
o

; 6, = 0, 50; In-plane 6_ scan
28 = 1.1; o " 90, 270; 8, scan

i °1 = 0, $0; In-plane 0, scan
|
1546 002 Medium Fine Asphalt 10.6 8 = 1.1.;0r = 0, 180; er scan 363
) 01 = 0, 50; In-plane 9‘, scan
28 = 1.1; ’r = 90, 270; ar scan
91 - 50; In-plane er scan
7.7 REFLECTANCE STANDARDS MATERIAL
SNCLE WO,  SAMPLE PESCRIPTION . DATA PARNNETERS PAGE:
1094 001 Flame Sprayed Aluninum 10.6 28 = 1.1; Or scan 367
81 = 0, 50; In~plane er scan
1095 001 Flame Sprayed Copper 10.6 28 = 1.1; er ycan 368
) 61 = 0, 50; In-plane et scan
1190 001 Saoked Magnesium Cxide 0.63 6, 0, 20, 40, 60; In-plane 370
: er scan
1191 001 Piderfrax Type 970 JH 0.43 8, - 0, 80; In-plane 6, scan 372
0.5S 61 w 80; In-plane 6, scan
0.75 8, = 80; In-place 6, acan
1.10 6, = 80; In-plane 6 scan -
062 0.58 91- 0; In-plane er acan
0.63 61 = 0, 40; In-plans 6‘_ scan 3724
0.75 6, = 0; In-plane Or scan
1.10 6, - 0; In-plans 8. scan
01 = 0; Out-of~plane 8, scan
1192 001 Flowers of Sulfer 0.63 0’ @ 0; Iu-plane er scan 377
1194 001 Chroma Plated Glass Beads 0.63 01 = 0, 40; In-plane Ot acen 378
1197 001 Sandblasted Aluminum 0.54 61 » 10; la-plane et scan 379
* 002 1.08 61 = 10; Io-plane et acen 376
. 1272 001 7 Chroms Platad Glass Beads 1.06 61 - 0, 30, 60, 80; 380

In-plane 6‘_ scan
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SAMPLE N0, IPTIO) A DATA PARAMETERS PAGE '
1290 001 3 White Paint 1.06 o, = 0, 20, 30, 40, 60, 70; 382

In-plane Gr 8caa

1292 001 3M White Paint 1.06 81 ® 0; In-plane Or scan 185
002 91 = 0; In-plane er scan 3RS
003 01 = 0, 60; In-plane er scan 386

1293 001 Fiberfrax Type 970 JH 1.06 61 = 0, 20, 30, 40, 50, 60, 70; 387

In-plane er scan

1296 001 Sandblasted Copner 1.06 01 = 0, 20, 30, 40, 60, 70; 390

Pleted Stainless Steel In-plane er ecan

101 10.6 28 = 2; et scan 393
e1 = 0, 40; In-plane Gr scan

1297 101 White Salt Standard 10.6 28 - 2; Or scan 395

6, = 0, 40; In-plane Or scan
1317 00l Pressed Magnesium Oxide 0.63 6, = 0, 40; In-plane 6r scan 396 -

1331 101 Gold Plated Silicon 10.6 28 = 2

i 0 scan 397
Carbide Paper

8, = 0, 40; In-plane Or acan

1332 001 Copper Plated Stainless 1.06 e1 = 0, 20, 30, 40, 60, 70; 399 -

Stesl In-plave 6 scan

1435 101 Electro-Plated Copper 10.6 28 = 2; er scan 402
e1 = 0, 40; In-plane er scan
1460 401 3M White Paint 0.63 A 0; In-plane er scan 403
1598 101 Gola Plated, Sandblasted 10.6 23 = 2; 8_ scan 404
Stainless Steel 61 = 0, 40; In-plan: er scan
1683 102 Flame-Spreyed Aluminum 0.63 28 = 2; ¢, =0, 180; 6 _ scun 405
61 = Q, 30, 50, 70; In-plane
68_ scan
r
B = 2; Or = 90, 270; er scan
ei = 30, 50, 70; Out-of-plane
€_ scan
r .
101 10.6 28 = 4; 6_ Acen 410
]
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1684 101

1688 101

1894 101

1895 101

201

301

1896 101

201

1915 101

1916 101

2003 101

SNLE DESCRIPTION A DATA PARNMGETERS PAGE

Flama-Sprayed Aluminum 10.6 28 = 2; 0 scan 410

61 * 0, 40; In-plane Br scan

Flame-Sprayed Aluminum 10.6 28 = 2 €, 3can 42 .
ei » 0, 40; In-plane Gr acan

Flame-Sprayed Aluminum 10,6 28 = 2; 8 scan 413
e1 = 0; In-plane er ucan
Sandblasted Aluminua 10.6 28 = 2; A, scan 414
61 = 0; In-plane er scan
28 = 2; 8, scan 4s ,
ei @ 0: In-plane Br scan R
28 = 2; 8 _acen {16
61 = 0; In-plane er scan
Sandolasted Galvanized 10.6 28 = 2; 6_ scan 417
Steel r
6, = 0; In-plane 68_ scan
i 4
20 @ 2. 0: acan 418
ei = 0; In-plane er scan
Flame-Sprayed Aluminum 10.6 28 = 2; er scan 419
61 = 0; ln-planr 6r scan -
Flasme-Sprayed Aluminum 10.6 28 = 2; 6_ scan 423
61 « 0; In-plane et scan
L)
3M White Paint on 1.05 8, =0, 56; In-plane 8, scan 421
Fiverboard 61 = 56; Out-of-plane Or scan

CROSS REFERENCES POR REFLBCYANCE STANDARLDS MATERIAL

1466 002
1470 101

002
1471 00«
1474 002
1475 101

1670 102

101

Black Paint 5n Canvas, 4% Raflectance (Sea Clath and Canvas)
Gray Paint on Canvas, 16X Reflactance (See Cloth and Canvas)
" " " " " " " " " "
Cray Paint on Canvar, 16% Reflasctance (See Cloth and Canvas)
Grayish-whits Paint oo Canvas, 64% Reflectance (See Cloth and Canvas)

" " (1} " (1} " " " (1] " "

Griy Treated Canvas, 641 Reflectance (See Cloth and Canvas)




CROSS REFERENCES FOR REFLECTANCE STANDARDS MATERIAL (Continued)

1671 102
10)
1672 102
101
1672 103
101
102
1674 101
102
1802 101

1803 101

SAMPLE NO,

12946 004

1336 001

1699 201

1884 201

1885 201

1886 201

Gray Treated Canvas, 32X Reflactance (See Cloth and Canvas)

° " " " n " " " "

Gray Treated Canvas, 167 Reflectance (See Cloth and Canvas)

(1} " " " " " " n [

Gray Treated Canvas, 8% Reflactance (See Cloth and Canvas)

Black Treated Canvas, 4X Reflectance (See Cloth and Canvas)

" " 11} " " " " 1 "

Gray Canvas, 8% Reflectanco (See Cloth and Canvas)

Black Canvas, 4% Reflectance (See Cloth and Canvas)

7.8 AETAL
SAMPLE NESCRIPTION A DATA PARAMETERS
Rare Metal . 0.63 28 & 7. A gcan

’ r

61 - 0, 20, 30, 40, 60, 70;

In-plane Gr scan

Alclad Aluminum Panel 1.06 e

Bare Metal 0.63 6
8, = 45; ¢r scan

Galvanized Pipe 10.6 2R =

‘ ; In-plane 0, scan
Calvanized Pipe 10.6 28 = 2; ¢ " 0, 180; er scan
01 = 0; In-plane 6r scan
28 » 2; . " 90, 270;
- . -pl
e1 0; lan-plare er scan
Galvanized Pipe 10.6 23 = 2; ‘r - ), 180; er scan

50

0, 60; In-plane v, scan
0, 30, 60; In-plane Bt

0i = 0, 30, 60; Out-of-plane ﬁr scau

2; er = 0, 180; Or
G; In-plane Or 8can
25 = 2, ct = 90, 270; Gr
9

2

¢, » 0; In-plans 0r Rcan
2; o 90, 270; Qt scan
0

; In-plene er acan

PAGE

427

428

433

435




CROSS REFERENCES FOR METAL

1094 001 Flame Sprayed Aluminum (See Reflectance Standards Material)

. 1095 001 Flams Sprayed Copper (See Reflectance Standards Material) i =
1194 001 Chrome Plated Slase Beads (See Reflectance Standarde Material) :g
1272 001 " " . v " " " " T
1296 004 Sandblastcd Copper Plated Aluminup (See heflectance Standards Material) %
1331 101 Gold Plated Silicon Carbide Paper (See " ") b3
1332 001 Copper Placed Stainlees Stee) (See Reflectance Standards Matcorial) ! =§§
1337 001 OD Paint on Metal (See Taint) i %
1338 001 OD Paint on Metal (Sea Paint) ;;;2
1683 102 Tlame-Sprayed Aluminum (See Reflectance Standards Materlal) I |
1684 101 " " . " " " " E
1688 101 " " " " " " '
1820 101 G .1 Canvas Treated with a Metallic Coating (See Cloth and Canvas)
1894 101 . e Sprayed Aluminun (See Reflectance Standards Material)
1895 101 sandblagted Alusinum (Sze " " " )

. 1896 101 Sandblasted Galvanized Steel (See Reflectance Standards Material)
1915 101 Flame Sprayed Aluminum {See Reflectance Standards Material)
1916 101 " " " " ' " "

7.9 MISCELLANEOUS

SAMPLE NO,  SAMELE DESCRIPTION A DATA_PARAMETERS PAGE
1584 001 Creosote Treated Wood 10.6 28 = 1.1; ¢_ =0, 180; 6 scan 439
8, = 0, SO;: Iu-plane 6, scan S

28 = 1.1; ¢t = 90, 270; Br acan
91 = 0, 50; In-plane er angle

1921 101 Pressed Cork 10.6 28 = 2, er acan 442
ei = 0; In-plane Or ascan

1923 101 White Postarboard 10.6 B = 2; 6: scan 4

61 = 0; In-plane er scan

L]

LT

v

1925 301 Acrylic Piexigiaes lu.6 28 = 2 8, acan 444
01 = 0, In-plene er scan
1927 101 Brown Lorrugated 10.6 28 = 2; ¢_ scan 445

T DT
Cardboard ¢. = 0; In-plane ez gcan .

il e ol
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